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ABSTRACT

Although integrating Renewable Energy Resources (RERs) into distribution systems offers benefits such as
clean energy and free availability, it also introduces challenges, such as Inverse Power Flow (IPF) issues.
This study proposes an efficient approach to address these issues by optimizing the placement and sizing of
Photovoltaic Distributed Generation (PVDG) systems in Radial Distribution Networks (RDNs). The
proposed strategy involves selecting the optimal PVDG location using the Loss Sensitivity Factor (LSF)
and determining the optimal PVDG size with the Artificial Bee Colony (ABC) algorithm. This method aims
to minimize active power losses and enhance the voltage profile in the investigated system. The
performance of the ABC algorithm was evaluated against other optimization methods, such as Particle
Swarm Optimization (PSO) and Genetic Algorithm (GA). The effectiveness of the proposed strategy was
tested and validated on T IEEE 15-Bus and IEEE 85-Bus RDNs. The results obtained show that the ABC

algorithm outperformed the other methods in reducing power losses and improving voltage profiles.
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I.  INTRODUCTION

Today, carbon dioxide emissions have increased
dramatically around the world. Subsequently, these emissions
are always considered at the top of the proposed global
development spectrum in every climate change discussion that
aims to stave off the rising-temperature reverberation. In
tandem with the requirement to decrease carbon emissions and
enhance power grid flexibility, proper orientation toward the
integration of renewable resources is extremely important. The
major share of these resource-based power plants is anticipated
to be integrated as Distribution Generators (DGs). Moreover, it
can be observed that the appropriate scaling, adaptation, and
positioning of DGs lead to several important influences on the
distribution network, including voltage stability and power grid
quality enhancements. Various studies have been conducted to
handle optimal DG installation issues when integrated into the
distribution system using several optimization methods,
including analytical and metaheuristic methods. Selecting the
suitable placement and determining the appropriate size of DG
systems to reduce grid power losses and improve voltage
stability have attracted the interest of several researchers.

Different methods have been presented, ranging from
analytical-based methods [1, 2] to metaheuristic techniques [3-
5], to deal with this task and to further address possible
solutions. In [1], a sensitivity factor method based on power
loss reduction was proposed to select the best size and
allocation of DG systems. This technique was applied to the

IEEE 33-Bus RDN. The Loss Sensitivity Factor (LSF) was
introduced in [2] to select the placement of Photovoltaic (PV)
and Wind Turbine (WT) systems coupled with an Energy
Storage System (ESS) in the IEEE 33-Bus RDN. The main
objective of this method was to minimize the grid power losses.

In recent years, metaheuristic algorithms such as Particle
Swarm Optimization (PSO) [3], Whale Optimization
Algorithm (WOA) [4, 6], Genetic Algorithm (GA) [5, 7],
Firefly Algorithm (FA) [8], Invasive Weed Optimization
(IWO) [9], Backtracking Search Algorithm (BSA) [10], Garra
Rufa Optimization (GRO) [11], Harris Hawks Optimizer
(HHO) [12], Grey Wolf Optimizer (GWO) [13], Artificial Bee
Colony (ABC) [14], and Bat Algorithm (BA) [15] have
attracted substantial attention to optimally integrate DG
systems in distribution networks. This is due to their ability to
handle complex and nonlinear problems compared to
conventional methods. In [3], PSO was employed to identify
the optimal placement and sizing of two DG units, which were
integrated with Energy Storage Systems (ESSs) within the
IEEE 33-Bus RDN. The main objective of this method was to
reduce system losses and enhance the voltage profile. In [4, 5]
the WOA was proposed to determine optimal DG integration
solutions based on technical and economic aspects. This
algorithm was tested on IEEE 33-Bus and IEEE 69-Bus RDNG.
In [6], GA was developed to optimally locate the DG system
on a 6-Bus RDN. This method was based not only on power
losses and voltage enhancement under different load conditions
but also on the phase angle jump changes.
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Fuzzy inference systems have been used to properly
manage energy flow. However, in [7], this algorithm was
proposed to find the optimal size of a DG system, while the
LSF method was investigated to properly select its placement.
The main objective of this method was to reduce power losses
and improve the voltage profile of the IEEE 15-bus network
and the Nigerian 11 KV feeder. In [8], FA was used to find the
appropriate allocation and the best size of the PVBES system.
This method was based not only on technical and economic
concerns but also on the environmental aspects of power losses,
costs, and emissions reduction. This method was applied to the
IEEE 30-Bus distribution network. To properly integrate the
DG system into the IEEE 33-Bus and IEEE 69-Bus systems,
the IWO and BSA algorithms were proposed in [9, 10],
respectively, to minimize power losses, reduce energy costs,
and enhance voltage stability under different load models. The
aim of [11-12] was to reduce power losses and improve the
voltage profiles of the IEEE 30-Bus, IEEE 14-Bus, IEEE 33-
Bus, and IEEE 69-Bus systems. Additionally, a modified GWO
based on the fuzzy decision technique was introduced in [13]
for the optimal sizing of a PV-wind system integrated into the
IEEE 33-Bus network. A multi-objective function based on
reducing power losses and improving system reliability was
also introduced. In addition, sensitivity analysis was used to
select the optimal placement of the aforementioned DG
systems.

The primary objective of this study was to investigate the
effectiveness and robustness of the LSF method in determining
the optimal allocation of DG units while using the ABC
algorithm for their optimal sizing.

II. PROBLEM DESCRIPTION

The main objective of this study is to reduce the total active
power losses and enhance the voltage profile of the RDN. To
achieve this, a PVDG unit was used at one of the RDN buses,
as illustrated by the simple two-bus example in Figure 1.
Consider a distribution line (1, m+1) that connects two buses,
where bus m is the sending end and bus m+1 is the receiving
end. The active and reactive power flows through the branch
(m, m+1) are represented by Pm and Qm, respectively. The
active and reactive power consumed by the load at bus m are
denoted by PLm and QLm, respectively. The resistance and
reactance of the branch (m, m+1) are given by R(m, m+1) and
X(m, m+1), respectively, while the voltages at buses m and m+1
are denoted by V,, and V,,,, respectively.

PVDG
Vm Vm+1
Pm+jQm P(m+1)+jQ(m+1)
R(m,m+1) X(m,m+1) §—
PLm+jQLm PL(m+1)+/QL(m+1)
Fig. 1. Single line of an RDN.

A. Objective function

Using the forward/backward sweep method, the active
power losses Pj,ss(m,m + 1) and the reactive power losses
Qioss(m, m + 1) of the branch (m,m+1) can be expressed using
(1) and (2) [13].

2 2
Pross(m,m +1) = R(m,m + 1) x (28) (1)

[vm?|
Pm?+Qm?
Quoss(mm + 1) = X(mm + 1) x (F25) - (2)
Hence, the objective function f,;; can be written using [16]:
fobj = min (Pripss) 3
where
Prigss = qu_:ll Pjoss(m,m + 1) 4

B. Constraints

To resolve the above-mentioned objective function, some
constraints should be taken into account.

1) PVDG Allocation Constraint

The appropriate placement of the PVDG system should be
considered as shown in (5).

2< PVDGplacement <N (5)

where N represents the total bus number. The first node is
defined as the slack bus.

2) PVDG Capacity Constraint

min max
PPVDG < PPVDG < PPVDG (6)

3) Voltage Profile Constraint
Vmin < VL < ymax (7)

In this study, 09 p.u <V; < 1.1p.u

III. PROPOSED OPTIMIZATION METHOD
A. LSF Technique

The selection of the optimal position of the DG system is
achieved using the LSF method due to its simplicity and its
advantages in terms of search space reduction for the
optimization process [2]. LSF is one of the main indices used in
the selection of the best placement of DGs within power
distribution networks, as it quantifies the sensitivity of active
power losses in the network relative to changes in active power
injection at specific buses.

As given in (8), the LSF at node m is calculated as the
partial derivative of the power losses in branch (m-1, m) with
respect to the active power injected at this node.

0Pjpss(m—1,m) Pm

LSF (m) = 2o = R — 1,m) (2 ﬁ) (8)

Once the LSFs for all candidate buses are calculated, they
are ranked in ascending order. Then, the DGs will be placed on
the buses where the LSF values are highest. This means that
small injections of real power at these buses will result in the
most significant reduction in total distribution system losses.
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B. Optimization Methods

The second step of this study consists of identifying the
optimal scaling of the DG system that is integrated into the
optimal allocation, selected using the LSF method. To achieve
this objective, several optimization techniques have been
investigated and presented in the literature. The selection of an
appropriate optimization method is considered a critical step
for a nonlinear system under several operating constraints. To
overcome system non-linearity problems, nature-inspired
evolutionary algorithms have been widely used due to their
ability to deal with complex and nonlinear problems.

In this study, three optimization algorithms were applied to
select the proper capacity of the PVDG system, including the
PSO, GA, and ABC techniques, and a comparative study of
them is presented.

1) PSO Algorithm

The PSO technique has been widely used to resolve
nonlinear optimization issues due to its implementation
simplicity and flexibility [17]. This algorithm is inspired by the
animals' social behavior, especially that of birds, to reach their
target of food. With the interaction of both social and self-
experience, and with continuously updating their position and
velocity, a swarm of birds named particles moves towards their
optimal target. The PSO algorithm starts with randomly
generating the initial population, called a swarm (group of
particles) as presented in (9).

X3 = Xpnpoc (Xex — xoin) ©

where «x€ (0,1),j=1,..,Panda =1,...,d. P and d are the
population size and the problem dimension, respectively.
X™Ma* and X™" are the limits of the a™ decision variable.
X/ =[X],XJ,..,X;] represents the j" particle of the population
P. Then, this population is modified at every iteration k by

updating the position X’and the velocity V7 of every particle as
shown in (10) and (11) [18].

Xl =X+ Vs (10)
V;cj+1 =wX Vk] + Clrl(pl]Jest,k - Xli)
+ 212 (Gpeste — Xi) (11)

wherery,75,€(0,1) . V) and X; represent the velocity and the
position of the ;™ particle at the k™ iteration, respectively.
p{,est_k represents the best position of the j™ particle, Opest k
denotes the global best position of particles at the k" iteration,
ciandc, are the acceleration coefficients, and w represents the
inertia weight, which is given by [19]:
W = Wy — —max”Tmin o f (12)
kmax

The PSO pseudo-code is presented in Algorithm 1.

Algorithm 1: Particle Swarm Optimization
1: Initialization of PSO parameters (P, d,
Werrznmr Xcrlnax, C1/C2r T1r T2/ Wmaxr Wnins

kmax)

2: Generation of the initial population

for each particle j = 1 to P do
for a =1 to d do
Generate a random position Xaj
using (9)
end for
Evaluate fitness for the j* particle
using (3)
Update pé“ and then gpest
end for
3: Identification of the best PSO solution
while k < kyg do
for j=1 to P do

L5 fQX) < f(les) then
Update P, = X’
end 1if

if f(PJest) < f(gbest) then

Update gbest = pl]Jest
end if
end for
end while

2) GA Technique

Over the past two decades, GA has attracted significant
attention for addressing nonlinear and complex optimization
problems. It has found extensive applications across various
research and engineering domains, particularly for determining
the optimal placement and capacity of PVDG units in the
RDNs [20]. This algorithm is inspired by the principles of
natural and biological evolution to evaluate and refine its
results [21]. It operates through four main stages: initial
population generation, selection, crossover, and mutation.
Specifically, the process begins with generating a random
initial population, as described in [22]. This population consists
of a group of individuals known as chromosomes.
Subsequently, genetic operations, such as selection, crossover,
and mutation, are applied during each production step to evolve
and improve the optimal solutions. The generation of
chromosomes for the initial population is carried out randomly,
as given by (13).

Y =Yg 4 B — Y (13)
where p € (0,1), j=1,..,Panda =1, ...,d. P and d are the
population size and the problem dimension, respectively. Y %*
and YM" define the upper and lower bounds of the a™ decision
variable. Note that Y/ =[¥/,¥/,..,¥]] represents the j "

individual of the population. The GA pseudo-code is presented
in Algorithm 2.

(GA)
ymax

Algorithm 2: Genetic Algorithm
1: Initialization of P, d, Y™,
iteTmax
2: Generation of the initial population
for j=1 to P do
for a=1 to d do
Generate a random position Kﬂ
end for

, and
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Evaluation of the fitness f for the
j™ individual

end for

3: Identification of the best GA solution

while iter < iterp,, do
application of crossover operator
application of mutation operator
Greedy selection

End while

C. ABC Algorithm

The ABC algorithm was introduced to optimally size the
PVDG system due to its simplicity and its ability to deal with
complex and non-linear optimization problems. The principle
of this algorithm is significantly inspired by the behavior of
honey bees and their interactions to converge toward their
optimal target [4]. Among several population-based algorithms,
the ABC algorithm has been widely applied when handling
various optimization problems. Due to its advantages in terms
of fewer control parameter requirements, great versatility, and
good resilience [23], the ABC algorithm has been used in
various engineering fields, notably the optimal DG system
installation in the distribution network.

It is noteworthy to highlight that bee colonies are
categorized into three types, namely employed, onlooker, and
scout bees [23]. The ABC algorithm starts with a random
population initialization, which is composed of a group of
variables called food sources A%, as shown in (14) [24]. Then, a
new solution B is generated randomly using (15) [24].

Af = AT 4 0 x (A7 — AT (14)

B = Al + p x (4} — AF), 15)
where k=1,..,P, i#k, 6,p€(0,1), i=1,..,P and
j=1,..,d. P and d present the size of the population and
problem dimension, respectively. A™** and A/™" define the
maximum and minimum limits of the j t decision variable,
respectively. In general, to find the optimal food source, a

fitness ratio Fr and a selection probability Pr are applied as
shown in (16) and (17) [24].

1

— F(AY) >0
FT'i — 1+F(AY) ' f ( ) (16)
1+ |F(4Y| otherwise
Fr;
Pr; = —Zf;’fplFri (17)

Algorithm 3: Artificial Bee Colony
1: Initialization of ABC parameters (P,
d, A", AP, itermgy)
2: Generation of the initial population
for i=1 to P do
for j=1 to d do
Generate a random position Af
end for
end for

3: for i=1 to P do
Generate a new solution
for j=1 to dim do
Generate a random position Bf
end for
if F(BY) <F(4;") then
Al =B
k=0
else
k=k+1
end if
end for
Evaluation of the fitness function and
Pr
if rand < Pr; then
Update a new solution B!
end if
if F(BY) <F(4;") then
/bl =:l%
k=0
else
k=k+1
end if
if max(k) > itetg,
Generate a new food source
end if
Determination of the optimal solution

IV. SIMULATION RESULTS

To demonstrate the effectiveness and applicability of the
proposed strategy for selecting the proper scaling and position
of the PVDG system, two RDNs were investigated, namely the
IEEE 15-Bus and IEEE 85-Bus systems. As it has been shown,
the appropriate allocation is identified using the LSF method,
while the proper scaling of the PVDG system is selected using
the ABC algorithm. As mentioned before, this study aimed to
reduce system power losses and enhance its voltage profile.
Figure 2 presents the IEEE 15-Bus single-line diagram. This
RDN is composed of 15 nodes and 14 lines. The total active
and reactive power, consumed by loads, are 1226.4 kW and
1251.11 kVAR [13], respectively. This distribution network is
characterized by the 11 kV base voltage and the initial power
losses are approximately 61.79 kW.

9 10 1 12 13

4

Fig. 2. IEEE 15-bus RDN.
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Figure 3 shows the network topology of the IEEE 85-Bus
system. This RDN consists of 85 nodes and 84 lines. Its total
load demand is around 2550.56 kW [25], and the total reactive
power load is 2595.16 kVAR [25]. The system base voltage is
11 kV and the initial active power losses are 315.7 kW.

A. LSF Method

The LSF technique was used to properly integrate the DG
system in the RDN and optimally obtain the allocation that
leads to the lowest active power losses. This method consists of
selecting the sensitive node that further decreases active power
losses. The highest LSF value is obtained to select the optimal
placement for the DG system. Figures 4 and 5 illustrate the
LSF values of all buses for the IEEE 15-Bus and 85-Bus
systems, respectively. According to Figure 4, the proper
position of the PVDG system in the IEEE 15-Bus system is the
second node. This bus indicates the highest LSF value.
However, according to Figure 5, node number 8 is selected to
be the optimal location for the PVDG unit in the IEEE 85-Bus.

9 10,11 12 13 14 15

I % ;l% |

23

67 68/ 69 70 71

72 79 76

Fig. 3.
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Bus

LSF values for the IEEE 15-Bus distribution network.

Fig. 4.

0.06
0.05
0.04

& 0.03

o

0.02

0.01

LSF values for the IEEE 85-Bus distribution network.

Fig. 5.

B. Optimal Scaling of the PVDG System

After selecting the appropriate allocation of the PVDG
system in the RDN, its optimal capacity was investigated
according to the constraint presented in (17).

SkW < Ppype < 1MW (17)

Three optimization techniques were applied and compared
to correctly choose the optimal scaling of the DG unit to further
decrease the real power losses and improve the voltage profile
in the system.

1) IEEE 15-Bus RDN

Figure 6 shows the convergence characteristics of the
objective function using the three investigated optimization
techniques. According to this figure, it is noteworthy that
compared to the other optimization methods, the ABC
algorithm converges much faster to the appropriate solution.
According to this comparison, it can be verified and
demonstrated that the proposed ABC technique outperformed
the GA and PSO algorithms in terms of power loss reduction.

IEEE 15-Bus
44 T T T T T T T T T
I I I I I I I I I
| | . . . . . | |
: : ——ABC — GA —PSO : :
7% S T Ty T
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
> o |
540 I I I I I I I I I
g I I I I I I I I I
2 I I I I I I I I I
= I I I I I I I I I
= ) S
w38 | | | | | | | | |
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
7 S T B
I I I I I I I I I
| | | | | | | | |
T T T T T T T T T
| T T T T T T T T
34 i i I I I I I I I
0 50 100 150 200 250 300 350 400 450 500
Iterations
Fig. 6. Convergence characteristics of the objective function.
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Figure 7 shows the voltage profile of the IEEE 15-Bus after
integrating the PVDG system in the second node and using the
three optimization techniques.

1 T T T T T T T
' | ——Initial case — ABC — GA — P50
| | | | | |
099\ T -~~~ T17-~—— [ e T
| | | | | | |
| | | | | |
| | | | | |
0.98 —\7 - L 1= 7 - T - ~-~-r—7
3 | | | | |
Q" | | | |
~ | | |
T4 e A e e e e~y BN Y e
k] | | | | i
s | | | | | |
> | | | | | | |
096 —+ - \-—+-—— S B
| | | | | | |
| ! | | | | |
| | | | | | |
0_95>747777L7777\ 77777 l— — — — 4 — — — — [E——
| | | | | | |
| | | | | | |
| | | | | | |
094 i i i i i i i
: 2 4 6 8 10 12 14
Bus
Fig. 7. Voltage profile.

According to Figure 7, it can be observed that by applying
the proposed ABC algorithm, the voltage profile of the RDN
was significantly improved compared to the initial case, GA,
and PSO. Furthermore, this improvement was especially shown
in node number 13, where the voltage magnitude was increased
from 0.949 p.u. to 0.97 p.u. using ABC. However, the voltage
magnitude at this node was increased only from 0.949 p.u. to
0.965 p.u. and from 0.949 p.u. to 0.966 p.u. using the PSO and
GA, respectively.

Figure 8 illustrates line power losses before and after the
PVDG system allocation to the optimal placement using the
ABC, GA, and PSO algorithms. The results show that active
power losses in the system branches are significantly reduced
after the incorporation of the PVDG unit. For instance, the first
and tenth lines were drastically dropped from 34 kW to 18 kW
and from 2 kW to 1.44 kW, respectively, using the ABC
algorithm. This demonstrates the efficiency and robustness of
the proposed strategy that combines LSF and ABC techniques
in power loss reduction.

—T—T—T
: - Initial case
!

Losses (kW)

1 2 3 4 5 6 7 8
Bus

9 10 11 12 13 14

Lines' power losses.

C. IEEE 85-Bus RDN

The appropriate position of the PVDG system obtained by
the LSF method in the IEEE 85-Bus is at bus 8. The optimal
capacity of this system was selected according to the proposed
ABC method and the constraint presented in (18).

SkW < Ppype < 3 MW (18)

A comparative study was carried out to demonstrate the
efficiency of this technique. Figure 9 presents the convergence
characteristics of these optimization techniques. According to
Figure 9, it can be observed that compared to other
optimization methods, the ABC algorithm converged much
faster to the appropriate solution. These results show that the
proposed ABC technique outperformed GA and PSO in terms
of power loss reduction and convergence speed.

220 4 : H : :

— ABC — PSO — GA|

215

PT-loss(kW)
N
S

200

195

i ]

190
0 50 100 150 200 250 300 350 400 450 500

Iterations

Fig. 9. Convergence characteristic of the objective function.

Figure 10 presents the voltage profile of the IEEE 85-Bus
system after integrating the PVDG system at node 8§ and after
applying the three investigated optimization techniques. The
results show that by applying the proposed ABC algorithm, the
voltage profile was significantly improved compared to the
initial case, GA, and PSO.

1 T T T T T T
\ ——PSO — Initial case ABC — GA
0.98
3 A T~
2 0.96
(=Y
p N\
%D \] \\
= o) N
=" N\ N L\\—\\ f\/\ -
0.92 \\:’ \’\\ JA\I

0 10 20 30 40 50 60 70 80
Bus

Fig. 10.  Voltage profile.
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Moreover, this improvement was especially shown for the
case of node 55 which was improved from 0.902 p.u. to 0.936
p-u. using ABC compared to 0.932 p.u. and 0.908 p.u. using
GA and PSO, respectively.

Figures 11 to 14 show line power losses before and after the
allocation of the PVDG system in the optimal placement using
the ABC, GA, and PSO algorithms. It can be observed that line
active power losses were significantly reduced after integrating
the PVDG unit. The first seven nodes were drastically reduced.
Taking the case of nodes number 7 and 57, power losses
dropped from 92 kW and 6.5 kW to 40 kW and 5.5 kW using
the ABC algorithm. This demonstrates the efficiency and
robustness of the proposed strategy combining LSF and ABC
in power loss reduction.

- Initial case

Losses (kW)

Fig. 11.  Lines power losses from bus 1 to bus 20.
9 v v
I aBC
8 Il rso I
, [ [eh\ |
-Initial case
6

Losses (kW)
U1

22 24 26 28 30 32 34 36 38 40
Bus

Fig. 12.  Lines power losses from bus 21 to bus 40.

D. Results Discussion

Based on the simulation results, it can be observed that the
proposed strategy based on LSF and ABC is an efficient
method for finding the optimal capacity and site of PVDG
units. The efficiency of this strategy can be further

demonstrated through the comparative study presented in
Tables I and II.

Losses (kW)

Losses (kW)

Fig. 14.  Lines power losses from bus 61 to bus 85.
TABLE L. COMPARATIVE RESULTS FOR THE IEEE 15-BUS
SYSTEM
Algorithm ABC | GA [ PsOo | [26] | [27]
Initial losses [KW] 61.79
Best size [MW] 0.93 0.9 0.6 0.675
Bus 2 3 3 3 6
PT ss0s[KWI 3425 | 3445 351 | 3786 | 458
Losses reduction [ %] 44.5 442 43 38.7 25.8
V in [pou] 097 | 0965 | 0967 | 0967 | 095
TABLE II. COMPARATIVE RESULTS FOR THE IEEE 85-BUS
SYSTEM
Algorithm ABC | GA | PsO [ 281 | [29
Initial losses [kW] 315.7
Best size [MW] 2.34 2.26 2.1 091 2.4
Bus 9 8 8 54 51
PT 15505 [KW] 190.7 191 1921 | 2271 | 2429
Losses reduction [ %] 40 394 39.1 28 23
V in [p-u] 0936 | 0932 | 0908 | 091 0.945

Based on these tables and the other simulation results, it can
be concluded that the proposed technique demonstrates
superior performance in minimizing power losses and
improving the voltage profile. In addition, it provides the
minimum power losses compared to the other optimization
algorithms. Moreover, it can be observed that after the
integration of the PVDG units in the optimal placement,
voltage magnitude at all buses is maintained within satisfied
limits [Vinin, Vinaxls for both systems.
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The validity and effectiveness of the proposed strategy to
solve the optimal sizing and placement of DGs in RDNs were
evaluated using the IEEE 15-Bus and IEEE 85-Bus RDNs
under the rated values. The simulation results showed the
effectiveness of the proposed optimization technique in
providing the best optimal solutions. The ABC algorithm is a
powerful tool for solving complex mixed-integer problems due
to its ability to escape local optima. However, when integrating
renewable energy sources such as PV systems, varying solar
irradiation throughout the day can influence the optimal
operation of DGs. Therefore, it is imperative to maintain
optimal RDN performance under random irradiations. To
mitigate the effects of varying solar irradiation, Energy Storage
Systems (ESSs) can be integrated with DGs.

Future studies may focus on developing real-time
optimization algorithms to adjust the power output of ESSs-
based DGs in response to varying solar radiations.

V. CONCLUSION

The main objective of this study was to minimize power
losses and enhance the voltage profile in an RDN. A robust
metaheuristic method was presented to optimally select the
position of the PVDG system and to properly size it. The IEEE
15-Bus and 85-Bus RDNs were considered due to their
considerable radial network topologies and their free data
availability. It is well known that introducing a DG system into
the electrical network can prevent the IPF issue and, as a result,
reduce the system power losses. In addition, as shown in the
simulation results, the system voltage magnitudes of the
proposed RDNs were considered weak in the base case because
some nodes were near the acceptable boundary limits, which
were 0.9 p.u. in this case.

To address these issues, the LSF method was employed to
determine the optimal placement of PVDG units in the RDNs.
Once the ideal location was identified, the ABC algorithm was
used to determine the optimal capacity of these systems. The
effectiveness of the proposed technique was evaluated by
comparing it with other optimization algorithms, including
PSO and GA. The simulation results showed that the proposed
strategy combining LSF and ABC outperformed the other
methods, providing superior results in reducing power losses,
improving the voltage profile, and mitigating reverse power
flow.

REFERENCES

[11 G.S.Kumar, D. S. S. Kumar, and D. S. J. Kumar, "DG placement using
loss sensitivity factor method for loss reduction and reliability
improvement in distribution system," International Journal of
Engineering & Technology, vol. 7, no. 4.22, pp. 236-240, 2018.

[2] X.Wu,C. Yang, G. Han, Z. Ye, and Y. Hu, "Energy Loss Reduction for
Distribution Networks with Energy Storage Systems via Loss Sensitive
Factor Method," Energies, vol. 15, no. 15, Jan. 2022, Art. no. 5453,
https://doi.org/10.3390/en15155453.

[3] R. R. Eiada, "Optimal Size and Location of DG in The Distribution
System for Power Loss and Voltage Deviation Minimization," Port-Said
Engineering Research Journal, vol. 26, no. 2, pp. 94-101, Jun. 2022,
https://doi.org/10.21608/pserj.2021.87406.1130.

[4] D. B. Prakash and C. Lakshminarayana, "Multiple DG placements in
radial distribution system for multi objectives using Whale Optimization
Algorithm," Alexandria Engineering Journal, vol. 57, no. 4, pp. 2797-
2806, Dec. 2018, https://doi.org/10.1016/j.aej.2017.11.003.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

S. Katyara et al., "Leveraging a Genetic Algorithm for the Optimal
Placement of Distributed Generation and the Need for Energy
Management Strategies Using a Fuzzy Inference System," Electronics,
vol. 10, no. 2, Jan. 2021, Art. no. 172, https://doi.org/10.3390/
electronics10020172.

C. H. Prasad, K. Subbaramaiah, and P. Sujatha, "Optimal DG unit
placement in distribution networks by multi-objective whale
optimization algorithm & its techno-economic analysis," Electric Power
Systems Research, vol. 214, Jan. 2023, Art. no. 108869,
https://doi.org/10.1016/j.epsr.2022.108869.

T. O. Ajewole, A. B. Balogun, M. O. Lawal, O. D. Momoh, and A. A.
Olawuyi, "A Genetic Algorithm Approach to Optimal Sizing and
Placement of Distributed Generation on Nigerian Radial Feeders,"
Tanzania Journal of Engineering and Technology, vol. 41, no. 04, pp.
192-204, Dec. 2022.

A. S. Alghamdi, "A Hybrid Firefly-JAYA Algorithm for the Optimal
Power Flow Problem Considering Wind and Solar Power Generations,"
Applied Sciences, vol. 12, no. 14, Jan. 2022, Art. no. 7193,
https://doi.org/10.3390/app12147193.

D. Rama Prabha and T. Jayabarathi, "Optimal placement and sizing of
multiple distributed generating units in distribution networks by invasive
weed optimization algorithm," Ain Shams Engineering Journal, vol. 7,
no. 2, pp. 683-694, Jun. 2016, https://doi.org/10.1016/j.asej.2015.
05.014.

W. Fadel, U. Kilig, and S. Tagkin, "Optimal placement of multiple DGs
in radial distribution systems to minimize power loss using BSA," Celal
Bayar University Journal of Science, vol. 17, no. 2, pp. 199-207, Jun.
2021, https://doi.org/10.18466/cbayarfbe.796140.

R. K. Chillab, A. S. Jaber, M. B. Smida, and A. Sakly, "Optimal DG
Location and Sizing to Minimize Losses and Improve Voltage Profile
Using Garra Rufa Optimization," Sustainability, vol. 15, no. 2, Jan.
2023, Art. no. 1156, https://doi.org/10.3390/sul5021156.

H. U. R. Habib et al., "Optimal Placement and Sizing Problem for Power
Loss Minimization and Voltage Profile Improvement of Distribution
Networks under Seasonal Loads Using Harris Hawks Optimizer,"
International Transactions on Electrical Energy Systems, vol. 2022, no.
1,2022, Art. no. 8640423, https://doi.org/10.1155/2022/8640423.

K. C. Bibek and H. Alkhwaildi, "Multi-Objective TLBO and GWO-
based Optimization for Placement of Renewable Energy Resources in
Distribution System," Computational Research Progress in Applied
Science and Engineering, vol. 7, no. 2, pp. 1-13, 2021.

E. A. Al-Ammar et al., "ABC algorithm based optimal sizing and
placement of DGs in distribution networks considering multiple
objectives," Ain Shams Engineering Journal, vol. 12, no. 1, pp. 697—
708, Mar. 2021, https://doi.org/10.1016/j.asej.2020.05.002.

I. Khenissi et al., "A hybrid chaotic bat algorithm for optimal placement
and sizing of dg units in radial distribution networks," Energy Reports,
vol. 12, pp. 1723-1741, Dec. 2024, https://doi.org/10.1016/j.egyr.2024.
07.042.

E. Astrid, D. T. P. Yanto, and C. Dewi, "Optimal allocation and sizing of
capacitors employing pattern search optimization," Journal of
Theoretical and Applied Information Technology, vol. 100, no. 8, pp.
2417-2422, 2022.

M. Jain, V. Saihjpal, N. Singh, and S. B. Singh, "An Overview of
Variants and Advancements of PSO Algorithm," Applied Sciences, vol.
12, no. 17, Jan. 2022, Art. no. 8392, https://doi.org/10.3390/
app12178392.

N. T. Linh, "A Novel Combination of Genetic Algorithm, Particle
Swarm Optimization, and Teaching-Learning-Based Optimization for
Distribution Network Reconfiguration in Case of Faults," Engineering,
Technology & Applied Science Research, vol. 14, no. 1, pp. 12959—
12965, Feb. 2024, https://doi.org/10.48084/etasr.6718.

G. Li, T. Wang, Q. Chen, P. Shao, N. Xiong, and A. Vasilakos, "A
Survey on Particle Swarm Optimization for Association Rule Mining,"
Electronics, vol. 11, mno. 19, Jan. 2022, Art. no. 3044,
https://doi.org/10.3390/electronics11193044.

I. Khenissi et al., "Energy Management Strategy for Optimal Sizing and
Siting of PVDG-BES Systems under Fixed and Intermittent Load

www.etasr.com

Alturki: A Combined Metaheuristic Optimization Technique for Optimal Site and Scaling of PVDG ...



Engineering, Technology & Applied Science Research Vol. 14, No. 6, 2024, 18371-18379 18379

Consumption Profile," Sustainability, vol. 15, no. 2, Jan. 2023, Art. no.
1004, https://doi.org/10.3390/su15021004.

[21] M. A. Albadr, S. Tiun, M. Ayob, and F. AL-Dhief, "Genetic Algorithm
Based on Natural Selection Theory for Optimization Problems,"
Symmetry, vol. 12, no. 11, Nov. 2020, Art. no. 1758, https://doi.org/
10.3390/sym12111758.

[22] F. A. Alshammari, G. A. Alshammari, T. Guesmi, A. A. Alzamil, B. M.
Alshammari, and A. S. Alshammari, "Local Search-based Non-
dominated Sorting Genetic Algorithm for Optimal Design of
Multimachine Power System Stabilizers," Engineering, Technology &
Applied Science Research, vol. 11, no. 3, pp. 7283-7289, Jun. 2021,
https://doi.org/10.48084/etasr.4185.

[23] 1. Marouani, A. Boudjemline, T. Guesmi, and H. H. Abdallah, "A
Modified Artificial Bee Colony for the Non-Smooth Dynamic
Economic/Environmental Dispatch," Engineering, Technology &
Applied Science Research, vol. 8, no. 5, pp. 3321-3328, Oct. 2018,
https://doi.org/10.48084/etasr.2098.

[24] C. Wang, P. Shang, and P. Shen, "An improved artificial bee colony
algorithm based on Bayesian estimation," Complex & Intelligent
Systems, vol. 8, no. 6, pp. 4971-4991, Dec. 2022, https://doi.org/
10.1007/s40747-022-00746-1.

[25] V. S. Galgali, M. Ramachandran, and G. A. Vaidya, "Multi-objective
optimal sizing of distributed generation by application of Taguchi
desirability function analysis," SN Applied Sciences, vol. 1, no. 7, Jun.
2019, Art. no. 742, https://doi.org/10.1007/s42452-019-0738-3.

[26] M. J. Tahir, B. A. Bakar, M. Alam, and M. M. Su’ud, "An LSF Based
DG Placement Approach for Power Losses Minimization of the Radial
Distribution Network," in 2019 13th International Conference on
Mathematics, Actuarial Science, Computer Science and Statistics
(MACS), Karachi, Pakistan, Dec. 2019, pp- 1-6,
https://doi.org/10.1109/MACS48846.2019.9024811.

[27] M. C. V. Suresh and E. J. Belwin, "Optimal DG placement for benefit
maximization in distribution networks by using Dragonfly algorithm,"
Renewables: Wind, Water, and Solar, vol. 5, no. 1, May 2018, Art. no. 4,
https://doi.org/10.1186/540807-018-0050-7.

[28] P. D. P. Reddy, V. C. V. Reddy, and T. G. Manohar., "Optimal
renewable resources placement in distribution networks by combined
power loss index and whale optimization algorithms," Journal of
Electrical Systems and Information Technology, vol. 5, no. 2, pp. 175—
191, Sep. 2018, https://doi.org/10.1016/j.jesit.2017.05.006.

[29] R. Bawazir, N. Cetin, M. Mosbah, S. Arif, and R. Zine, "Improvement of
Voltage Profile by Optimal Integration of PV-DG in Distribution Power

System," Algerian Journal of Signals and Systems, vol. 6, no. 4, pp.
199-205, Dec. 2021.

www.etasr.com Alturki: A Combined Metaheuristic Optimization Technique for Optimal Site and Scaling of PVDG ...



